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The invention relates to a packaging machine equipped with sensors, 
actuators and drive systems, comprising a servo motor, a central control 
unit and a system for data transmission, the actual values of the sensors, 
actuators and drive systems being recorded in digital form in each case and 
transferred with the use of a transmission protocol via the data transmission 
system to the central control unit, evaluated by the latter and the det^mined 
setpoint values or control commands being also transmitted in digital form 
and with the use of the transmission protocol from the control system via 
the data transmission system to the actuators or drives. 

In the packaging of foods, a large number of processes are usually 
necessary, such as feeding the packaging material or container, filling the 
container, closing the container and labeUing the packaged goods. Eadi of 
these processes is in turn subdivided into a large number of individual 
steps, which are executed by different machines or machine components, 
all the individual steps having to take place synchronously with one 
another. 

Whereas packaging machines with intermeshed mechanical con^onents 
were formerly used to solve the problem, packaging machines of the 
current prior art have a large number of "intelligent" sensors, actuators and 
drives. These elements perform the intended tasks largely 
"autonomously", the actuation and coordination of these elements taking 



place by means of a central control unit. In such cases, there is extensive, 
usually bidirectional, data exchange between the central control unit and 
aforementioned elements. 

The transmission of the data in the case of packaging machines of the prior 
art takes place by means of wires via a data transmission system. The 
wiring provides comparatively hig|i security against transmission errors, 
since modem packaging machines have a very large number of sensors, 
actuators and drives, however wiring these elements is associated with high 
consumption of time and materials, the material including not only the 
cable but also large distributor cabinets and switch cabinets. Furthermore, 
the large number of cables often leads to a confusion of cables, which 
proves disadvantageous when looking for faults. 

For transmitting the data and information between the control unit and 
sensors, actuators and drives, and vice versa, communication protocols are 
necessary, which regulate the data exchange procedure. With the 
application of data transmission to the field of packaging machines, these 
protocols must ensure rspid and reliable data transmissioa b particular, 
v^th the actuation of drives, it is necessary for the protocol to make the 
actual and setpoint data available wdthout error and v^thin very short times 
and with a high time accuracy. The throughput of the data transmission 
system must be all the greater the higher the degree of automation of the 
packaging machine and consequOTtly the greater the number of elements 
that are integrated into the data exchange. 

Against this background it is the object of the invention to provide a 
packaging machine that requires no outlay for wiring and in addition, 
while simultaneously maintaining data security, permits the number of 
sensors, actuators and drives, and therefore the degree of automation, to be 
increased. 



According to the invention, this object is achieved in that 

the data transmission between sensors, actuators, drives and central 
control unit and vice versa takes place wiirelessly, 

- the transmission protocol 

- operates cyclically with short cycle times, preferably in miUisecond 
pulses, 

- perfomis synchronisation of al smsors, actuators and drives, 

- and carries out the provision of the actual values and the 
determined setpoint values of all drives in each cycle, 

- the accuracy of the synchronisation and the provision lying in the 
microsecond range 

- essential information is redundant and errors in the data transmission 
can be eliminated by means of error correction processes, for example the 
HDLC process. 

The invention starts from packaging machines that are known per se, are 
equipped with sensors, actuators and drive systems with servo motors, and 
possess a central control unit and a system for data transmission. In 
distinction to machines of the prior art, data transmission in tfie case of the 
packaging machine according to the present invention takes place via a 
wireless system. 

According to a basic concept of the invention, the wiring that is normally 
required between the sensors, actuators and drives and the central control 
unit can be a priori avoided. This advantageously leads to a reduction in 
the need for wiring, switch cabinets and therefore space, and 
correspondingly the clarity is increased. These purely external boundary 
conditions can be used to increase the number of saisors, actuators and 
drives, and therefore the degree of automation. Furthermore, searching for 
errors is facilitated, since the confusing wiring is eliminated. 



The function of the central control unit is to actuate and monitor as many 
sensors, actuators and drives as possible. In particularly the drives must be 
required to make precise movements, with the individual drives running 
absolutely synchronously with one another. These tasks require extensive 
and precise data exchange between all the components involved, by which 
means the setpoint values, such as the position or velocity data for the 
drives are made available or, vice versa, status and error messages are fed 
back to the central control unit 

The data acquisition in the present invention takes place, as with 
packaging machines of the prior art, digitally, the protocol for transmitting 
data operating, unlike in the prior art, with short cycle times, performing 
synchronisation of all sensors, actuators, drives and carrying out the 
provision of the actual values and the determined setpoint values of all 
drives in each cycle. The accuracy of the synchronisation and the 
preparation here lies in the microsecond range. These measures make it 
possible to use drive systems with a very rapid time response (dynamics). 
In addition, the number of drives used can be increased. The 
advantageous consequence of this is a higher degree of automation of the 
packaging machine. 

According to a further feature of the invention, essential information is kept 
redundant by the data transmission protocol and errors in the data 
transmission are eliminated by means of error correction processes, for 
example the HDLC process. Error correction allows incorrectly transmitted 
data to be recognised and measures for interruption-free operation to be 
activated. Depending on the type of error, these measures may cause, for 
example, a back analysis to computer the error-free values or ignoring of 
the incorrect data and repeat of the data transmission. Since in the case of 
wireless data transmission system, the data to be transmitted are in 
principle subject to multiple interferences, in the case of transmission in a 



shielded cable, recommended error correction processes are to be provided. 
The application of the error corrections then leads to the data security in 
wireless transmission systems bdng at the same level as in wire-dependent 
systems. 

As a result, the proposed solution provides a packaging machine that 
requires no outlay for wiring and in addition, while simultaneously 
maintaining data security, permits the number of smsors, actuators and 
drives, and therefore the degree of automation, to be increased. 

In the case of packaging machines, the drives are required to have very 
complex movement sequences, which ensure the greatest possible jerk- 
free movement of the goods to be packaged, packaging materials and the 
machine components. These movement functions of the drives can partly 
be specified by means of appropriate mathematical functions, such as 
sinusoidal functions or higher-order polynomials.. The movement 
functions of the drives are discretized in time (milliseconds) and 
transmitted to the drives by the data transmission system. According to a 
feature of the invention, it is correspondingly provided to control the 
movement of the drives by means of a position or velocity control, i.e. by 
specifiying position or velocity data and the associated time points, aiid to 
equip the control unit or a controller assigned to the drives in each case 
with an interpolator, which generates the time function of the position or 
velocity data by interpolation between the setpoint values determined by 
the central control unit. Interpolation is necessary because the cycle times 
of the controllers (position, velocity, current) are mudi lower than the 
cycle time of the data transmission to the drives. 

Here, the following advantageous sequence is provided: On each time 
point of data transmission, the controller, or the aforemmtioned 
interpolator, receives the setpoint value determined from the actual value 
by the control unit, and, from this and if appropriate from past values, 



calculates the time function of the position and velocity coordinates using 
a given algorithm such as interpolation. The time function in its entiret>' is 
thus represented by means of discrete points - the set point values that are 
determined by the control unit - and, in each case, contiguous curve 
sections, which have been determined by the interpolator and bridge the 
time period between two data transmissions. 

From the point of view of a drive, it is thereby ensured that a clear 
position is defined for each point in time. Since this statement ^plies for 
all the drives of the packaging machine, in interaction with a microsecond- 
accurate sychronisation of the individual drives and microsecond-accurate 
provision of the setpoint values, a definite behaviour for the entire system 
is fixed at each point in time. According to a basic concept of the 
invention, a deterministic time behaviour thus applies to the entire 
system This time behaviour allows a large number of rapid drives to be 
provided in a packaging machine and actuated, coordinated and monitored 
by means of the provided control unit. 

As regards the selection of the wireless transmission system, two different 
technologies are available. Corresponding to a feature of the invention, 
radio, preferably broadband radio, or infiared communication is proposed. 
Infi-ared technology offers the advantage of con^aradvely inexprasive 
system components and alicence-firee operation, but in each case eye 
contact between the transmitter and receiver is required, which is not 
available in many applications. It is advantageous with the use of the radio 
solution in particular to use broadband radio, and therefore transmit a large 
number of data via one radio channel. 

In a fiirther embodiment of the invention, it is provided that the data 
transmission between the central control unit and the respective sensors, 
actuators or drives and in the opposite direction takes place in each case 
unidirectionally or bidirectionally. In the case of sensors and actuators. 



unidirectional data transmission usually takes place, with drives, on the 
other hand bidirectional data transmission is necessary to carr>' out the 
setpoint/actual value comparison. 

For control of actuators and in particular servo drives, special controls 
have been developed, such as numerical controls (NC/CNC) or 
programmable logic controllers (PLC). However, the technical 
development of these controls takes place relatively slowly in comparison 
to the rapid development in the field of PCs. This has led to the PC finding 
applications in automation technology because of the extremely high 
effectiveness it achieves. For building up the central control unit in the 
case of the present packaging machine, the use of PC hardware is 
therefore recommended. Besides the high effectiveness, the use of PC 
hardware also offers the advantage of an optimum price/performance 
ratio. 

With the use of PC hardware as a central control unit, it is advisable to 
connect a programming unit to the central control unit, but according to a 
feature of the invention such a programming unit is also provided with a 
different design of central control unit. The user thereby has the possibility 
to produce the control software for the sensors, actuators and the drives for 
himself or to make adaptations, modifications and tests of the existing 
software. In particular the latter possibility leads to a high flexibility, for 
example when the packaging task is modified. 

The aim of maximum flexibility in carrying out different packaging tasks 
is also served by an advantageous further development of the invention. In 
this embodiment, it is provided that the adaptation of the sensors and/or 
actuators and/or drives to the packaging task takes place by means of 
parameters that are stored in the control unit or in sensors, actuators and 
drives. The user is thereby provided with extensive possibilities for 



conditioning the packaging machine for special tasks. The control via 
parameters furthermore brings a certain transparaicy into the movement 
sequences of the machine, which are usually very complex. In an 
advantageous embodiment of the invention, it is proposed to specify or 
change the parameters by means of the transmission protocol. 

For reliable operation of the drive system of the packaging machine, 
careful process monitoring is essential. The aim of monitoring is to ensure 
as far as possible interruption-free operation. To achieve this object it is 
appropriate to identify deviations, disturbances and faults in the operating 
process at an early stage and initiate measures that avoid the disturbances 
or eliminate the faults. In the present invention it is therefore provided that 
the sensors and/or actuators and/or drives generate information and 
transmit it to the control unit, which is useful for diagnostic purposes. The 
control unit evaluates this information and, in the case of operating states 
that are not according to plan, generates appropriate control measures by 
means of extensive rules stored in the system for possible fault functions. 
Downtimes of the machine are thereby effectively reduced or its 
availability is increased. 

In principle it can be ascertained that, during a single cycle, not all 
information can be transmitted or must be transmitted, but it is 
conceivable that, for the transfer of data for slow running processes, the 
associated information data are transmitted at time intervals, that is to say 
that the information of the slow process is only transmitted in individual 
cycle pulses having sufficient time intervals from one another. In practice, 
it is sufficient for the data of slow information to only be transmitted with 
every tenth cycle pulse, that is to say that in the pulses lying in between 
the information of slow processes does not need to be recorded at all. 
Then, only the information of rapid processes is to be found here. As 
examples of slow processes, the measurement of the bearing conditions of 
a drive and/or the temperature of a drive by means of a sensor can be 



mentioned, which are not subject to rapid dianges. Nevotheless, these 
slow processes are of great importance for ensuring the operating rehability 
as well as to permit punctual maintenance work As a result, some cycle 
pulses with less information, namely those of the rapid processes, and 
some that contain more information are obtained, that is to say those that 
comprise the rapid and the slow process data 

Deviating from the proposal to exchange information in every cycle pulse 
or in particular time-spaced cycle pulses, a further suggestion of the 
invention is only to transmit particular information, in this case very slow 
information, when there is a need for it. For example, diagnostic 
information only requires data transmission when a diagnosis operation is 
carried out because defects have been ascertained. To this end, it is 
proposed to dimension the time window of a cycle pulse such that it is 
only capable of incorporating all cyclic information and furthermore the 
residual time contains a time window, as unused time, which permit 
additional information to be incorporated as necessary. If a cycle pulse 
only contains the rapid information, as is represented by the drive 
information of the servo-motors, parts of the time window thus remain 
unused. The slow process data, by contrast, are transmitted at particular 
fixed-time intervals, that is to say the Xth cycle pulse. In comparison, the 
even slower information, such as diagnostic information is only included 
arbitrarily in the time window of the individual cycle pulses, that is to say 
when transmission is necessary. In this manner, the transmission of the 
data takes place with the least priority. 

The appropriate control measures include, in particular, those that permit 
start-up of the packaging machine, restarting after a fault or else shut down 
on interruption to operation, power failure, switch off or emergency stop. 
According to a feature of the invention, it is provided for these cases that, 
on shut down, the drives brake synchronously with one another, whereas 
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on start up of the packaging machine a synchronous acceleration of the 
drives takes place. 

To facilitate the fault diagnosis it is further proposed, in addition to an on- 
the-spot diagnosis, to provide a remote diagnosis per modem or internet. 
From the point of view of the user, this brings the advantage of a consider- 
able reduction in the response times in the evait of faults occurring in the 
machine; from the point of view of the machine manufacturer, of a clear 
reduction in the servicing and the associated financial burden. 

Further details, features and advantages of the invention can be taken from 
the foUovidng part of the description. In this part, a preferred exemplary 
embodiment of the present invention is explained in greater detail with 
reference to a drawing. 

The drawing shows in sdiematic view the essential conq)onents of the 
proposed packaging machine. 

The packaging machine 1 is shown in the left part of the drawing. It 
contains sensors, actuators and drives, which in the present view are 
indicated by the symbols 2, 3 and 4, the drive 4 being subdivided into the 
servo motor 4' and the controller 4". In the present drawing, only one of 
these elements is shown as representative for the conventionally large 
number of these elements. Each of these elements is, as the antennas 5 are 
intended to indicate, connected to a wireless data transmission system 
wiiich in the present case is realized by a radio system 6. 

In the right half of the drawing, the central control xmit 7 and the 
programming unit 8 connected to this unit are shown. The central control 
unit 7 is, as indicated by the antenna 9, also connected to the wireless data 
transmission system 6. The object of the central control unit is to actuate 
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and monitor the sensors 2, actuators 3 and drives 4. The data exchange 
necessary for this takes place exclusively via the wireless data transmis- 
sion system 6; no data lines are therefore provided betweoi the control unit 
7 and packaging machine 1 The exchanged data comprise, inter alia, the 
setpoint values for the position coordinates of the drives and, vice versa, 
status and error messages from the sensors 2, the actuators 3 and the drives 
4 to the central control unit 7. The data exchange between the control unit 
7 and the actuators 3 and drives 4 is designed to be bidirectional, while the 
data exchange with the sensor 2 is designed to be unidirectional. 

The controller 4" contains, inter aha, an interpolator (not illustrated), 
which calculates the time function of the position coordinates of the drive 
by interpolation between the setpoint values determined by the central 
control unit 7. In the process, the respective setpoint value received at the 
transmission time point is compared vsith the past setpoint values and 
determined with the aid of suitable algorithms of the movement sequence. 
The movement of the drives follows this calculated movement sequence 
during the time between two data transmissions. The programming unit 8 
gives the user the possibility to influaice the control and monitor the 
sequences in the packaging madiine. In particular, the user therd)y obtains 
the possibility to produce the control software for the sensors 2, actuators 3 
and the drives 4 for himself or to make adaptations, modifications and tests 
of the existing software. 
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